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Abstract 27 
Innate lymphoid cell (ILC) lineages mirror those of CD4+ T helper cell subsets, producing type 1, 2 28 
and 3 cytokines respectively. Studies in adult human populations have shown contributions of non-29 
cytotoxic ILC to immune regulation or pathogenesis in a wide range of diseases and have prompted 30 
investigations of potential functional redundancy between ILC and T helper cell compartments in 31 
neonates and children. To investigate the potential for ILC to contribute to immune responses across 32 
the human lifespan, we examined the numbers and frequencies of peripheral blood ILC subsets in a 33 
cohort of Gambians aged between 5 and 73 years of age. ILC2 were the most abundant peripheral 34 
blood ILC subset in this Gambian cohort, whilst ILC1 were the rarest at all ages. Moreover, the 35 
frequency of ILC1s (as a proportion of all lymphocytes) was remarkably stable over the life course 36 
whereas ILC3 cell frequencies and absolute numbers declined steadily across the life course and ILC2 37 
frequencies and absolute numbers declined from childhood until the age of approx. 30 years of age. 38 
Age-related reductions in ILC2 cell numbers appeared to be partially offset by increasing numbers of 39 
total and GATA3+ central memory (CD45RA-CCR7+) CD4+ T cells, although there was also a 40 
gradual decline in numbers of total and GATA3+ effector memory (CD45RA-CCR7-) CD4+ T cells. 41 
Despite reduced overall abundance of ILC2 cells, we observed a coincident increase in the proportion 42 
of CD117+ ILC2, indicating potential for age-related adaptation of these cells in childhood and early 43 
adulthood. Whilst both CD117+ and CD117- ILC2 cells produced IL-13, these responses occurred 44 
predominantly within CD117- cells. Furthermore, comparison of ILC frequencies between aged-45 
matched Gambian and UK young adults (25-29 years) revealed an overall higher proportion of ILC1 46 
and ILC2, but not ILC3 in Gambians. Thus, these data indicate ongoing age-related changes in ILC2 47 
cells throughout life, which retain the capacity to differentiate into potent type 2 cytokine producing 48 
cells, consistent with an ongoing role in immune modulation. 49 
 50 
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Introduction 51 
Innate lymphoid cell (ILC) lineages are defined by the expression of key transcription factors and 52 
production of cytokines previously associated with T cell lineages. The cytotoxic Group 1 ILC 53 
population includes conventional natural killer cells (cNK) and ILC1, whilst the functions of non-54 
cytotoxic ILC mirror those of CD4+ T helper (Th) cell lineages. In contrast with T helper cells, 55 
however, ILC rely on accessory cytokines and/or non-polymorphic germ-line encoded receptors for 56 
their activation and regulation. Group 1 ILC (ILC1) respond to interleukin-12 (IL-12) and IL-18 to 57 
produce interferon- (IFN-). Group 2 ILC (ILC2) respond to localised stromal cell (IL-33 and thymic 58 
stromal lymphopoietin) or mucosal epithelial cell-derived factors (IL-25) to produce IL-5 and/or IL-59 
13. Group 3 ILC (ILC3) are defined by RORt and differential expression of NKp44 and either IL-22 60 
or IL-17 with NKp44+ ILC3 being the main producers of IL-22 in tissues 1,2.  61 
ILC are present at high frequencies and in high absolute numbers in cord blood and in the peripheral 62 
blood of children (aged 6-18 years) and, more recently,  frequencies of ILC2 and ILC3 cells have been 63 
seen to decline with increasing age in  adults 3,4. Functional redundancy between CD4+ T cell subsets 64 
and their ILC counterparts has been inferred, as ILC-related deficiencies do not lead to apparent disease 65 
3. Redundancy between ILC and CD4+ T cells has also been demonstrated in murine infection models, 66 
e.g. by  ILC2 activity influencing early responses to worm infection but disease ultimately being 67 
controlled by CD4+ Th2 cells 5.   68 
Recent evidence has indicated that, like T cells, ILC can recirculate via the lymph and blood and home 69 
to specific tissues, where the local tissue microenvironment plays a role in their functional 70 
differentiation 6. Gene expression and RNA velocity analysis have demonstrated the relatedness of 71 
human tonsillar ILC1 and ILC3 with the potential for conversion of ILC3 into IFN- producing ILC1, 72 
in the presence of specific transcription factors and tissue microenvironments 7. Similarly, in vitro, 73 
Age-related dynamics of circulating innate lymphoid cells in an African population 
 
5 
human ILC3 can trans-differentiate into IFN- producing cells in the presence of IL-12 (+/- IL-15) and 74 
human ILC1-like cells can be derived from ILC3 after stimulation with IL-2 and IL-23;  IL-1 reverses 75 
this process 8. Human blood ILC2 also demonstrate considerable plasticity and switch from IL-13/IL-76 
15 to IFN- production after treatment with IL-12 + IL-1 9-11. 77 
Endogenous, tissue-derived signals are implicated in controlling the pattern of activating receptor 78 
expression on ILCs and, thus, controlling their function in different tissues and locations 12. Functional 79 
trans-differentiation of ILC2 has been associated with tissue-specific pathology. For example, in the 80 
upper airways, IL-4 mediates maintenance and proliferation of airway ILC2, whereas IL-12 mediates 81 
their differentiation towards ILC1. Thus, differences in local cytokine environments may underlie the 82 
observations that chronic obstructive pulmonary disease (COPD) is associated with reduced 83 
representation of ILC2 (and NKp44+ ILC3) and enrichment of ILC1, whereas, nasal polyps are 84 
associated with enhanced frequencies of ILC2 9,11. Similarly, the local cytokine environment may 85 
explain why intrahepatic ILC2 IL-13+ cells correlate with end stage liver disease 13.  86 
More recently, two subpopulations of ILC2 (CD117- and CD117+) have been described. The 87 
behaviour of the two subsets depends on the local tissue milieu or, in vitro, on polarising conditions 88 
during activation and has implications for disease outcomes 14-16. Sampling of the upper airway mucosa 89 
in chronic rhinosinusitis has demonstrated that CD117-IL1R- ILC2 are present exclusively in 90 
individuals lacking nasal polyps, whereas CD117+ILC2 cells are associated with the presence of nasal 91 
polyps, Th2 cytokines and eosinophilia 17.  92 
To investigate frequencies and functional potential of ILC subsets over the human life course, we 93 
examined changes in CD4+ T cell and ILC subsets in a cohort of West African (Gambian) children 94 
and adults. ILC2 (Lineage- CD161+ CRTh2+) cells were the most abundant ILC subset within this 95 
study population at all ages but progressively declined in frequency and number with age. However, 96 
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the proportion of CD117+ ILC2 increased with age, consistent with maintenance of ILC2 plasticity 97 
throughout life. 98 
99 
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Materials and Methods 100 
Study subjects. This study was approved by the ethical review committees of The Gambia 101 
Government/Medical Research Council Unit, The Gambia and London School of Hygiene and 102 
Tropical Medicine (SCC1449v2). Subjects were recruited from the villages of Keneba, Manduar and 103 
Kantong Kunda in West Kiang District, Lower River Region, The Gambia. After giving fully informed 104 
consent, including parental/guardian consent for minors, venous blood samples were collected from 105 
652 individuals (425 females, 227 males) aged 5-73 years. Individuals with signs or symptoms of 106 
current infection or chronic disease or known to be pregnant or infected with HIV or Malaria, were 107 
excluded. For comparative phenotyping, 45 UK individuals (26 females; 19 males) between 25-29 108 
years of age were recruited using the same study protocol as above.  109 
Peripheral blood mononuclear cell (PBMC) preparation and culture. PBMC were isolated by 110 
density gradient centrifugation (Histopaque, Sigma, UK) and analysed directly ex vivo or after in vitro 111 
stimulation. ILC activation was performed after overnight resting of PBMC followed by 6 hours of 112 
stimulation with PMA + ionomycin (1:500 final concentration, cell stimulation cocktail, Thermo-113 
Fisher, UK). Cytokine stimulation was performed on PBMC maintained overnight in IL-7 (20ng/ml) 114 
and stimulated for a further 6 hours with IL-33 and thymic stromal lymphopoietin (TSLP) (both at 115 
50ng/ml, Peprotec, UK). Intracellular cytokine staining was performed after adding Brefeldin A and 116 
Monensin (GolgiPlug and GolgiStop, respectively) 4 hours prior to harvesting. 117 
Flow cytometry. The following monoclonal antibodies were used to identify ILC subsets within 118 
PBMC: Lineage (lin) markers, anti-CD3-V500 (BD Biosciences, UK), anti-CD4-AlexaFluor 700 119 
(Biolegend, UK) and FITC conjugated CD14, CD16, CD19, CD21, CD94, anti-CD11c, anti-CD123 120 
and anti-BDCA 2  (all from eBioscience, Thermo Fisher, UK). ILC subsets were positively identified 121 
by staining with anti-CD127, anti-CD161, anti-CD117 (c-kit) and anti-CD294 (Chemoattractant 122 
receptor-homologous molecule expressed on Th2 cells- CRTh2) and sequential gating. The following 123 
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additional panel of fluorochrome-conjugated monoclonal antibodies were used for surface staining in 124 
CD4+ T cell subset frequency analysis: CD4 FITC (eBioscience, UK), CCR7 PE-Cy7, CD45RA 125 
AF700 (both from Biolegend, UK) and after fixation and permeabilization  with FOX-P3 staining kit 126 
(eBioscience, UK), subsequently incubated with GATA-3 AF647 (Biolegend, UK) for intracellular 127 
staining. Data from 39 individuals were excluded from the T cell phenotypic analysis due to a CD4 128 
mutation which prevented recognition by the OKT4 antibody clone used18. For intracellular cytokine 129 
staining, cells were fixed and permeabilised using a commercially available kit (BD Biosciences, UK) 130 
and after surface staining, incubated with anti-IL-5PE and anti-IL-13 PE-Cy7 (Both from Biolegend, 131 
UK). 132 
Two million PBMC were stained directly ex vivo or for each in vitro culture condition stimulation. 133 
Cells were acquired on a LSRII® flow cytometer using FacsDiva® software (Becton Dickinson, UK. 134 
Data analysis was performed using FlowJo® (TreeStar). Only samples with at least 300 gated ILCs 135 
were accepted for analysis.  136 
Serological Assays. Total IgE was measured using a commercial ELISA kit (Thermo Fisher, 137 
Invitrogen, UK) according to manufacturer’s instructions and using a seropositivity cut-off of 7.8 138 
ng/ml. Ascaris antigen was kindly provided by MariaYazdanbaksh (Leiden, Netherlands) and used to 139 
estimate reactivity with serum IgG using an in-house protein microarray assay 19.  140 
Statistical analysis. Statistical analysis was performed using Statview and Stata version 13.1. Non-141 
linear effects of age were modelled using natural cubic splines in linear regression models; p-values 142 
(F-test) and R-squared values were obtained from these models. Differences between groups of 143 
individuals were compared using Wilcoxon signed rank tests. 144 
145 
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Results 146 
Significant decline in ILC2 and ILC3 numbers throughout life. 147 
To examine whether high ILC frequencies are predominantly a feature of early life or are maintained 148 
and/or renewed over the life course, we measured ILC frequencies and absolute numbers directly ex 149 
vivo within isolated peripheral blood mononuclear cells (PBMC) (Figure 1). ILCs were identified using 150 
sequential gating guided by a previously published protocol 20,21, although with some differences: in 151 
our study, anti-CD4 was included in the lineage (lin) cocktail, potentially excluding CD4+ ILC1 cells 152 
in the analysis and TCRαβ and TCRγδ T cells were not excluded by our lineage cocktail panel. The 153 
gating strategy firstly excluded CD3+ T cells and lineage marker expressing cells and subsequently 154 
gating on CD161 and CD127 to identify ILC as lin- CD127+ CD161+ cells 20,22 (Figure 1A-C). Within 155 
this population, ILC2 were identified as CD294+ (CRTh2) (CD117+ or -) cells, ILC1 as CRTh2- 156 
CD117- and ILC3 as CRTh2- CD117+ (Figure 1D).  Overall, ILC2 were the most abundant subset 157 
both in terms of absolute number/ml of blood (median = 973/ml, 95% Confidence Interval (CI) = 905-158 
1066/ml) and frequency within gated lymphocytes (median = 0.039%, 95% CI = 0.037-0.042%) 159 
(Figure 1E,F).  ILC1 cells were the least abundant (median cells/ml blood = 108/ml, 95% CI = 107-160 
115/ml; median % of lymphocytes = 0.0043%, 95% CI = 0.0041-0.0046%) with ILC3 cells being 161 
found at intermediate numbers (median = 741/ml, 95% CI = 675-789/ml) and frequencies (median = 162 
0.029%; 95% CI = 0.027-0.031%) (Figure 1E,F).  163 
The absolute numbers of ILC1, ILC2 and ILC3 were highest in children and declined steadily 164 
throughout life (Figure 2A-C; note scale of y-axis varies between plots). However, although numbers 165 
of ILC1 cells declined with age they remained as a relatively constant proportion of the peripheral 166 
blood lymphocyte population, suggesting that the decline in ILC1 is predominantly driven by shrinkage 167 
of the lymphocyte pool with age (Figure 2D). In contrast, in addition to a decline in absolute numbers, 168 
ILC2 and ILC3 also declined as a proportion of total lymphocytes (Figure 2E, F). Application of a non-169 
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linear trend analysis to the frequencies and absolute numbers of ILC1, ILC2 and ILC3 subsets with age 170 
revealed distinct behaviours of these three subsets over the life course (Figure 2G,H). Consistent with 171 
dilution of the peripheral blood lymphocyte pool in early age, there was a significant decline in absolute 172 
numbers of all three ILC subsets between the age of 5 and 30 years (ILC1, p= 0.027; ILC2; p= <0.0001; 173 
ILC3 p=<0.001) (Figure 2G). After the age of 30 years, absolute numbers of ILC1 and ILC2 stabilised 174 
whereas numbers of ILC3 continued to decline significantly throughout life (p<0.0001) (Figure2G).  175 
Similarly, frequencies of ILC2 declined up to the age of 30 years (p<0.0001) (Figure 2H) but stabilised 176 
thereafter whereas the age-related decline in the frequency of ILC3 cells continued throughout the 177 
lifespan, with a more significant negative trend occurring in individuals over 30 years (p<0.0001) than 178 
those under 30 years (p=0.015) (Figure 2H); no significant age trend was observed for frequencies of 179 
ILC1s cells (Figure 2H). In addition, comparison of ILC frequencies in young Gambian adults (25-29 180 
years of age) with those of an aged-matched UK cohort revealed an overall higher proportion of blood 181 
ILC1 and ILC2, and a trend towards higher ILC3 frequencies in Gambian compared to UK donors 182 
(Figure 3).  183 
 184 
Age-related decline in ILC2s parallels CD4+ T Effector Memory (TEM) but not CD4+ T Central 185 
Memory (TCM). 186 
Previous studies have implied redundancy between ILC and equivalent T cell subsets. We therefore 187 
compared the absolute numbers of ILC2 and memory CD4+ Th cell subsets to determine whether the 188 
age-related loss of ILC2 may be offset by acquisition of Th subsets (Figure 4). Accordingly, in contrast 189 
to the significant age-related decline in absolute numbers of ILC2 (Figure 4A), there is a significant 190 
increase in absolute numbers of total central memory T cells (TCM: CD45RA- CCR7+ CD4+) and 191 
maintenance of absolute numbers of Type 2 TCM (Th2 TCM: GATA3+ CD45RA-CCR7+ CD4+) 192 
(Figures 4B,C) across the life course. However, somewhat surprisingly, absolute numbers of effector 193 
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memory T cells (TEM: CD45RA-CCR7- CD4+) and GATA3+ Th2 TEM declined significantly over 194 
the lifespan at rates similar to the decline of ILC2 cells (Figure 4D,E). These data suggest that turnover 195 
of ILC2 and effector memory Th2 cells may be co-regulated over the life course.  196 
 197 
Increased frequencies of CD117 (c-kit) expressing ILC2 throughout life. 198 
Recent studies have indicated ILC2 can be divided into two functionally distinct subsets according to 199 
the expression of the stem cell factor receptor CD117 (c-kit) 15,17. The majority of CD117+ blood ILC 200 
tend to be ILC3 cells (CRTh2-) and in our cohort the majority of CD117hi cells were indeed ILC3 201 
(Figure 1D). However, we also observed that a substantial proportion of ILC2 were also CD117+ 202 
(Figure 1D) and thus, in view of the abundance of ILC2 cells within this African cohort, we analysed 203 
the frequencies of CD117+ ILC2 within this compartment throughout life. Overall, 60.9% of ILC2 204 
were CD117+, inter quartile range (IQR), 49.8-69.9%.  Surprisingly, a non-linear increase in the 205 
proportion of ILC2s that express CD117+ was observed with age, with median 48%, (IQR, 37.9-206 
55.0%) of ILC2 being CD117+ in 5-9 year old children and maximal frequencies of these cells being 207 
found by 30 years of age (median 64%, IQR 55.2-69.1%) (Figure 5A). Similar to changes in their 208 
overall frequency, a significant increase in relative expression (Mean Fluorescence Intensity-MFI) of 209 
CD117 on ILC2 cells was observed with increasing age up to 30 years of age (p<0.0001) with no 210 
significant trend thereafter, indicating that CD117 acquisition on ILC2 cells could potentially 211 
contribute to enrichment of the CD117+ subset (Figure 5B). Similarly, a significant age-associated 212 
trend for increased CD117 MFI was observed for ILC3 cells among individuals under the age of 30 213 
(p<0001) and continued to increase to some extent after 30 years of age (p=0.033) (Figure 5B). We 214 
also observed significantly higher frequencies of CD117+ ILC2 in females compared to males 215 
(Females: Mean 60.5%, standard deviation (SD) 14.3%; Males: Mean 57.1%, SD 16.0%, p=0.006) 216 
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although there was no difference between female and male children under 10 years of age (data not 217 
shown), suggesting a potential impact of the onset of puberty on ILC phenotype. In summary, therefore, 218 
these data indicate that CD117+ ILC2 cells are found in the peripheral blood at high frequency across 219 
the life span and with the highest levels in adults. 220 
 221 
Functional capacity of ILC2 subsets in children and adults 222 
We next investigated the functional potential of ILC2 in a randomly selected subgroup of children 223 
(n=15; mean age ± SD = 9.1 2.8 years) and adults (n=17; 22.8  3 years).  To preserve the functional 224 
potential of distinct ILC subsets, we rested PBMC overnight and then stimulated them for 6 hours with 225 
cytokines (IL-33+TSLP) or with PMA + ionomycin (Figure 6B,E; 6C,F, respectively). We detected 226 
IL-13 production by significant numbers of ILC2 cells, with only occasional co-expression of IL-5 227 
(Figure 6A-F). There was no significant difference between children and adults in the capacity of ILC2 228 
to produce IL-13 (Figure 6B,C) but IL-13 production was much more frequent among CD117- ILC2 229 
than CD117+ ILC2 (Figure 6F) after PMA + ionomycin stimulation (although not after IL-33+TSLP 230 
stimulation) (Figure 6E). 231 
 232 
Relationship between ILC2 dynamics, plasma IgE and anti-Ascaris IgG 233 
In view of previous reports of the impact of active helminth infections on ILC2 frequencies in African 234 
populations14,23, we investigated the relationship between ILC2 frequencies and two markers of 235 
exposure to helminth infection, namely plasma IgE  and anti-Ascaris IgG concentrations (Figure 7). 236 
Although there was a trend towards a modest negative correlation between ILC2 numbers and both 237 
total IgE and anti-Ascaris spp. IgG concentrations, neither trend was statistically significant (Figure 238 
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7A,B). Similarly, we observed no significant difference in either absolute numbers or frequencies of 239 
ILC2s between Ascaris-exposed (IgG seropositive) and Ascaris-unexposed (IgG seronegative) 240 
individuals (Figure 7C,D) suggesting that exposure, at least to this parasitic helminth, had limited long 241 
term impact on the ILC2 compartment. 242 
 243 
 244 
 245 
 246 
  247 
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Discussion 248 
Understanding the dynamics of lymphocyte populations is essential for better understanding the 249 
balance between innate and adaptive immunity across the lifespan and for predicting the consequences 250 
of ageing on immune function. Here we have described, the age-related dynamics of innate lymphocyte 251 
populations, observing age-related reductions in both the frequencies and absolute numbers of all ILC 252 
subsets across the lifespan. ILCs represent only a small proportion of all lymphocytes at any age, 253 
making up approx. 0.3% of lymphocytes in early life and approx. 0.05% in later life in this population. 254 
Although our study is limited by a lack of data from children under the age of 5 years, we can clearly 255 
see that whilst the total lymphocyte pool shrinks (at least in terms of cells/ml of blood) with age, ILCs 256 
are proportionally more affected by this change than adaptive lymphocyte populations. Whilst this may 257 
reflect a gradual shift in emphasis of the immune system towards adaptive immune responses with 258 
increasing antigen experience, it is notable that the total number of circulating memory T cells changes 259 
very little with age, at least after the age of 5 years. The age-related emergence of central memory 260 
CD4+ T cells seems to be offset by a steady age-related decline in numbers of circulating effector 261 
memory CD4+ T cells.  Given the likely high antigen load experienced by this rural African population 262 
it is possible that memory T cell populations mature quite rapidly in early life, that the available T cell 263 
niches are rapidly filled and that ongoing homeostatic constraints lead to retention of central memory 264 
cells at the expense of effector cells.  It would be of considerable interest to compare rates of 265 
lymphocyte maturation between populations in different environments; the limited comparison shown 266 
here, between young Gambian and UK adults, suggests that there may indeed be marked differences 267 
between populations in the effect of age on lymphocyte distribution.  268 
Although absolute numbers decline with age, the distribution of subsets within the ILC population 269 
seems to be quite stable after the age of 5 years, with ILC2 being the most abundant subset and ILC1s 270 
being the least abundant population at all ages. Despite being the least abundant ILC subset, the overall 271 
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proportion of ILC1 cells among all lymphocytes does not decline significantly with age whereas the 272 
proportions of both ILC2 and ILC3 decline quite markedly. Although our gating strategy excluded a 273 
potential contribution of CD4+ ILC to blood ILC1 dynamics, these data are entirely consistent with a 274 
recent study reporting stability of ILC1-like cell frequencies between cord and peripheral blood and in 275 
peripheral blood lymphocytes from younger and older adults, contrasting with  a marked reduction in 276 
the frequencies of ILC2 and ILC3 cells with increasing age 4,21. Renewal of lymphocyte populations is 277 
dependent, in part, on expression of the stem cell growth factor receptor/tyrosine-protein kinase c-kit 278 
(CD117). ILC1 are defined, amongst other traits, by their lack of expression of CD117 and ILC3 by 279 
their high levels of CD117 expression 20. By contrast, CD117 expression varies markedly among ILC2 280 
with a distinct population of CD117- cells and a more diverse population of CD117+ ILC2. The 281 
proportion of CD117+ ILC2 increased with age in this Gambian population and we also noted a 282 
significant upregulation of CD117 expression (i.e. increased MFI) on both ILC2 and ILC3 cells in 283 
younger individuals. ILC2 and ILC3 derive, independently, from CRTh2- NKp44- CD127+ c-kit 284 
(CD117)+ precursors and NKp46+ c-kit+ precursors expressing CD56+, respectively24. Although the 285 
relatedness of CD117+ and CD117- cells within the CRTh2+ ILC2 population has not been directly 286 
established, the former express CXCR6 and have superior trans-differentiation potential under both 287 
ILC1 and ILC3 polarizing conditions15. Importantly, GATA3 expression is lower in c-kit+ compared 288 
to c-kit- ILC2 indicating a potential role for this transcription factor in the lineage relationship and 289 
plasticity of these subsets. Indeed, in vitro culture of ILC2s with type 2 polarising cytokines reduces 290 
the frequency of c-kit+ CXCR6+ relative to c-kit- ILC2 cells and stimulation with SCF enhances the 291 
frequency of IL-13 producing c-kitlo ILC2s. 292 
 293 
Whilst we have examined only peripheral blood ILC, there is limited evidence that circulating blood 294 
ILC precursors may give rise to tissue ILC in response to local stimuli6 and, despite limitations in 295 
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quantitative comparison of cells in blood and tissues, there is evidence that ILC2, ILC3 and NK have 296 
a relatively similar subset distribution in blood, non-mucosal tissues (except for the lung) and the 297 
skin25. In contrast, ILC3 are enriched relative to ILC2 and NK cells in mucosal tissues. However, in 298 
that study, ILC1 were reported as virtually in tissues, with the exception of an ILC1-intrepithelial -like 299 
subset in some mucosal tissues25. 300 
The precise signals leading to differentiation and expansion of ILC are debated. ILC2 are already 301 
present at high frequencies in cord blood and it is therefore likely that intrinsic factors are involved in 302 
their early differentiation and expansion 3 and, postnatally, diverse infection-independent factors and 303 
cellular interactions have been found to activate or co-stimulate ILC2 potentially leading to their 304 
maintenance or expansion (reviewed in 26). IL-33 activates human ILC in the presence of costimulatory 305 
factors or cytokines belonging to the common -chain family (IL-2, IL-4 IL-7, IL-9, TSLP). 306 
Prostaglandin D2 (PGD2) specifically induces migration of blood and skin CRTh2+ ILC2, indicating 307 
that ILC2 localisation may be influenced by tissue PGD2 concentrations and/or their levels of 308 
expression of the PGD2 receptor, CRTh2 27. Interestingly - given our observation of sex differences in 309 
ILC numbers in individuals over the age of 10 years, but not in those under 10 years of age -  recent 310 
studies in mice have suggested that ILC2 numbers may be influenced by  androgen concentrations, 311 
with a sex bias in ILC numbers occurring after reproductive age 28. The roles of prostaglandins and sex 312 
hormones in the differentiation, maintenance and function of ILC merit further investigation.  313 
Despite evidence for lifelong renewal of ILC subsets, their numbers and proportions do decline with 314 
age. Interestingly, the trajectory of decline in numbers of circulating ILC2 is almost identical to that of 315 
GATA3+ CD4+ effector memory T cells (TEM), raising the possibility that the turnover or tissue 316 
migratory properties of these two subsets of lymphocytes may be co-regulated. Despite their falling 317 
numbers, TEM are reported to proliferate at a higher rate than central memory T cells (TCM), 318 
consistent with a much higher turnover, more frequent replenishment and shorter half-life of TEM 319 
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compared to TCM 29. It is feasible that antigen specific encounters drive only occasional proliferation 320 
of TCM, whereas both TEM and ILC2 may have lower thresholds for activation and thus turn over 321 
more rapidly.  322 
Finally, we compared the functional attributes of ILC2 in children and adults.  In line with published 323 
data 15, we observed that CD117- (c-kitlo) ILC2 are very efficient producers of IL-13. IL-13 production 324 
by ILC2 did not seem to differ between children and adults but, due to limitations of cell numbers, we 325 
were only able to compare children aged 8-12 years with young adults (20-25 years) and it remains 326 
possible that functional differences exist at either end of the age spectrum.  Nevertheless, our data 327 
suggest that CD117- ILC2 represent a small pool of cells with lifelong potential for production of IL-328 
13; such data are also consistent with a previously proposed functional equivalence of  GATA3+ CD4+ 329 
Th2 cells and ILC2 3. Given this functional equivalence, it is tempting to ascribe the relative abundance 330 
of ILC2 in this population to exposure to helminth parasites. However, ILC2 numbers were not 331 
significantly correlated with total IgE concentrations, anti-Ascaris spp. IgG concentrations, or anti-332 
Ascaris seropositivity. Although interpretation of this data is limited by the cross sectional nature of 333 
our study, it is in broad agreement with a study of Zimbabwean children where active helminth 334 
infections (as determined by Schistosoma spp. egg count) were associated with low frequencies of 335 
ILC2 and  ILC2 numbers increased after treatment; the authors concluded that high frequencies of 336 
peripheral blood ILC2 can occur independently of worm infections 23. On the other hand, 337 
Lin−/CD45+/ckit+/CD127+ cells with capacity for IL-4, IL-5 and IL-13 production were found to be 338 
enriched in individuals with filarial infections, although these cells were not stained for CRTh2 and 339 
thus cannot be formally defined as either ILC2 or ILC3 14. These diverse conclusions may simply 340 
reflect differences in study design or may indicate that different type 2 immune response-inducing 341 
infections may differ in their effects on ILC2 cells. In mice, resistance to Nippostrongylus brasiliensis 342 
(hook worm) infection is IL-33 dependent, ILC2/IL-13 mediated and IL-4 independent 5 whereas in 343 
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Heligmosomoides polygyrus infections, nematode-derived factors can suppress IL-33, interfering with 344 
ILC2 activation30. Redundancy between type 2 CD4+ T cell and ILC2 cell compartments and 345 
dominance of Th2 derived IL-4 mediated effects on humoral responses could also explain a lack of 346 
relationship between ILC2 frequencies and total IgE or anti-Ascaris IgG levels. 347 
In conclusion, although ILC are more abundant in early life than in later years, our data are consistent 348 
with a scenario in which blood CD117+ ILC2 are preferentially maintained compared to their CD117- 349 
counterparts. The functional benefits of reducing the overall representation of this small population of 350 
IL-13-producing ILC2s are unclear but may well be related to adequate representation of type 2 T 351 
helper cell-mediated immune memory. Better understanding of the tissue tropism and distribution of 352 
these ILCs and their response kinetics relative to GATA3+ Th2 TCM and TEM populations may go 353 
some way towards addressing this question. These data highlight the need to further investigate the 354 
role of ILCs in adulthood and their potential contributions to immunity to infection, allergic reactions 355 
and inflammatory diseases.  356 
 357 
  358 
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Figure Legends 359 
Figure 1. Gating strategy, and high absolute numbers and frequencies of ILC2 in a Gambian 360 
population. A-D. Flow cytometric gating strategy for human blood ILC subsets in 637 Gambian 361 
individuals. After initial gating on singlets and viable cells, PBMC were sequentially gated on (A) non-362 
T cells (CD3-), (B) lineage negative, CD127+ cells, (C) CD161+ cells and finally (D) ILC1, ILC2 and 363 
ILC3 subsets, according to the expression of CD117 and CRTh2. (E) Absolute numbers and (F) 364 
frequencies of ILC1-3 subsets. Box and whisker plots represent medians, 10-90th percentiles and 365 
outliers. Differences in frequencies and absolute numbers between subsets were tested using one-way 366 
ANOVA with multiple comparisons. **** p<0.0001. 367 
Figure 2. Changes in number and frequency of ILC subsets over the lifespan. (A-C) Absolute 368 
numbers and (D-F) frequencies of (A,D) ILC1, (B,E) ILC2 and (C,F) ILC3 were estimated in 637 369 
individuals aged between 5 and 75 years. Non-linear model of median value of ILC subset cell/ml 370 
blood (G) and % of lymphocytes (H) with increasing age. Data are shown as 5-year strata across the 371 
age span. Dots represent 652 individual values and bars represent medians. Analysis was performed 372 
using trend ANOVA. Significance (p-value) and R2 values are shown on each graph. 373 
Figure 3. Age-matched Gambians adults have higher frequencies of ILC1 and ILC2 than UK 374 
adults. Frequencies of (A) ILC1, (B) ILC2 and (C) ILC3 cells are shown within total lymphocytes. 375 
Comparison between Gambian and UK individuals (open circles) were made using Mann-Whitney U 376 
test. *** p<001, **** p<0.0001, Dots represent 45 Gambian and 45 UK individual values and bars 377 
represent medians. 378 
Figure 4. Relationship between memory CD4+ T cell subsets and ILC2. The distributions of 379 
absolute numbers of (A) ILC2 (cells/ml blood), (B) TCM, (C) GATA3+ TCM (D), TEM and (E) 380 
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GATA3+ TEM (cells/ml blood) with age are plotted with non-linear regression lines shown. Dots 381 
represent 600 individual values across the age range. 382 
Figure 5. Increased representation of CD117+ ILC2 with age. (A) Frequencies of CD117+ cells 383 
within total ILC2 are shown across the age range in 5-year age strata. Dots represent 637 individual 384 
values and the trend lines represent median values with increasing age. (B) Mean fluorescence 385 
intensities for CD117 on gated ILC2 and ILC3 subsets. Change in the frequency of CD117+ILC2 with 386 
age was tested by trend ANOVA, **** p<0.0001. 387 
Figure 6. Functional capacity of ILC2 subsets. Gating strategies for (A) cytokine responses within 388 
total ILC2 cells and (B) for IL-13 production by CD117 defined ILC2 subsets and frequencies of IL-5 389 
and/or IL-13 producing cells after stimulation with (B,D) IL-33 + thymic stromal lymphopoietin 390 
(TSLP) or (C, F) PMA + ionomycin. Open circles represent responses in children (B,E n=7; C,F n=15) 391 
and closed circles represent responses in adults (B,E n= 4; C,F n=17). Comparison of cytokine 392 
production between subsets was performed using Mann-Whitney U test, *** p<0.001, **** p<0.0001. 393 
Figure 7. Relationship between total IgE or Ascaris-specific IgG concentrations and ILC2 394 
numbers. Linear regression of (A) Total serum IgE concentration and (B) anti-Ascaris IgG levels are 395 
plotted against the absolute number of ILC2 cells/ ml blood. Violin plots showing comparison of (C) 396 
absolute number and (D) frequencies of ILC2 cells in anti-Ascaris IgG- and IgG+ individuals, each dot 397 
represents an individual, (n=637). 398 
  399 
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6 Contribution to the Field Statement 505 
Innate lymphoid cells are known to express parallel attributes to adaptive CD4+ T cell subsets with 506 
redundancy between these populations having potential functional significance at different life stages. 507 
Understanding the dynamics of lymphocyte populations is therefore essential for better understanding 508 
the relative contributions of innate and adaptive immune compartments across the lifespan and for 509 
predicting the consequences of ageing on immune function. In this paper we describe the dynamics of 510 
innate lymphocyte cell populations from an African (Gambian) population across the lifespan. We 511 
observe reductions in both the frequencies and absolute numbers of major ILC subsets and examine 512 
how these correlates with CD4 T helper cell subsets in 652 individuals aged between 5 and 73 years. 513 
This paper provides new knowledge through detailed phenotypic and functional analysis of ILC subsets 514 
in our cohort and their relationship with central and effector memory CD4 T cell subset dynamics 515 
across the lifespan. We also provide evidence for increased frequencies of CD117+ ILC2 between 516 
childhood and adulthood with likely impact on the regeneration of the type 2 ILC compartment and 517 
maintenance of functional CD117+/- ILC2 throughout life. This article therefore makes a significant 518 
contribution to our understanding of ILC dynamics with potential functional consequences over the 519 
human life course. 520 
